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Intestinal permeability in Crohn's disease
M S MURPHY,* E J EASTHAM,* R NELSON,* A D J PEARSON,* AND M F LAKERt
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SUMMARY Crohn's disease may present insidiously, especially in childhood, and diagnosis may
be delayed. In addition, the clinical assessment of the extent of disease activity may be
inaccurate. Using mannitol and lactulose as probe molecules we have carried out a cross sectional
study of intestinal permeability in patients with active Crohn's disease (n= 17) and control
subjects (n=31). Activity was assessed by an activity index score. The lactulose:mannitol urinary
excretion ratio was significantly increased in Crohn's disease. Overall sensitivity was 82%, and
92% when activity was moderate or severe. When permeability was compared with the activity
index there was a significant correlation among patients. In five patients studied longitudinally a
significant correlation was also present. Measurement of intestinal permeability is non-invasive,
and may be useful both as a screening test in patients with non-specific symptoms, and for the
assessment of the extent of disease activity in patients with Crohn's disease.

The clinical onset of Crohn's disease is often
insidious, with vague symptoms, and there may be a
delay of several years before the definitive diagnosis
is made.1 A simple, non-invasive technique for use
as a first line of investigation in children would be of
considerable value in cases where suspicion is
aroused. The clinical assessment of the extent of
disease activity in Crohn's disease may be
inaccurate,2 and an objective measure of intestinal
inflammation would be useful in management.

Abnormalities of intestinal permeability have
been shown in children with various gastrointestinal
diseases, including coeliac disease,3 infective
gastroenteritis,4 and cystic fibrosis.5 In a previous
study, using mannitol and lactulose as probe mol-
ecules, we found abnormal permeability in a group
of eight children with active Crohn's disease
affecting the small bowel.3

In this paper we report the results of a further
study of intestinal permeability in Crohn's disease in
childhood. This was carried out to evaluate this
technique further as a screening test for Crohn's
disease. In addition we have compared the intestinal
permeability in these children with an activity index
score2 to evaluate its potential for the assessment of
the extent of disease activity.

Subjects and methods

Sugar permeability studies were performed in 17
patients (age range 6-16 years; 10 boys) in whom

Crohn's disease had been diagnosed by conventional
clinical, radiological, endoscopic, or histological
criteria. In all cases the small bowel was affected.
The results of the studies were compared with those
obtained from 31 healthy children (age range 2-13
years; 18 boys).
The subjects were assessed by one of two paediat-

ric gastroenterologists (EJE and RN) before the
permeability studies were carried out, and a clinical
judgment of the extent of disease activity was made;
disease activity was graded subjectively as 'inactive',
'mild', 'moderate', or 'severe'. Simultaneously,
using the criteria proposed by van Hees et a12 the
activity index score was calculated for each patient.
The activity index is based on nine variables that
include specific clinical observations, and also serum
albumin concentration and erythrocyte sedimenta-
tion rate (mm in the first hour). This scoring system
was designed to provide an objective and quantitative
assessment of inflammatory activity in patients with
Crohn's disease.

In addition to studying the group cross sectionally,
four of the subjects were studied on two, and one on
three, separate occasions to examine longitudinally
the association between changes in inflammatory
activity and intestinal permeability within individual
patients.

After fasting overnight the subjects drank a test
sugar solution containing 5 g mannitol and 5 g
lactulose in 65 ml water (580 mmol/l). They
continued to fast for a further two hours, but
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thereafter a liberal intake of fluids was encouraged
to increase urine flow. Five hour urine collections
were made and stored in containers to which 0-2 ml
of sodium methiolate (0-1 g/l) had been added. The
total volume was recorded and a 20 ml sample was
separated and stored at -20°C. This was subse-
quently analysed by gas liquid chromatography by
previously described methods.6 7 The studies were
carried out at home under parental supervision,
unless the patient was in hospital.
The study was approved by the local ethics

committee, and parents' informed consent was
obtained. Results were analysed by the non-
parametric Wilcoxon rank sum test, and Spearman's
correlation coefficient.

Results

ACTIVITY OF CROHN'S DISEASE
At the time of the initial studies on the 17 patients
four were judged clinically to have quiescent dis-
ease, but the activity index suggested that in three of
these there was mild, and in one moderate, in-
flammatory activity. Of the 13 judged clinically to
have active disease (one mild, six moderate, six
severe), the activity index indicated that inflamma-
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tory activity was mild in one, moderate in seven, and
severe in five. In fig 1 the extent of disease activity
judged clinically is compared with that judged by the
activity index at the time the permeability studies
were carried out. This supports the view that simple
clinical assessment may result in a lower estimate of
the degree of inflammatory activity when compared
with the more objective activity index.

INTESTINAL PERMEABILITY
The five hour urinary excretion of mannitol was not
significantly different in the 17 subjects with Crohn's
disease (range 5-9-21.3% of the ingested load,
median 11.1%) compared with the control group
(range 8.5-24 6%, median 13-2%), and only three
patients had results below the normal range. Lactu-
lose excretion, however, was significantly greater in
those with Crohn's disease (range 0-2-2-6% of the
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Fig 1 Comparison ofdisease activity judged by clinical
assessment, and by an activity index score.2

Fig 2 Lactulose:mannitol urinary excretion ratio in control
subjects and patients with Crohn's disease. Bars indicate
median values. Activity index showed mild activity in four
patients (open circles), and moderate or severe in the
remainder.
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ingested load, median 0-67%) compared with the
controls (range 0-1-0-66%, median 0.26%)
(p<0002), and 10 of the results were above the
control maximum. The lactulose:mannitol excretion
ratio was also significantly higher in those with
Crohn's disease (range 0*01-0 16, median 0-07)
compared with the controls (range 0-01-0-03,
median 0-02) (p<0-0001), and using this index of
permeability 14 were above the normal range (fig 2).
The three patients whose lactulose:mannitol excre-
tion excretion ratios were within the normal range
(fig 2) were all thought clinically to have quiescent
disease, although the activity index did suggest mild
inflammatory activity in two and moderate activity
in one.

CORRELATION BETWEEN PERMEABILITY AND DISEASE
ACTIVITY
The correlation between the five hour urinary
excretion of mannitol and the activity index was not
significant (r,=0 40; p=0-06). There was a mod-
erately strong correlation, however, between lactu-
lose. excretion and the activity index (r,=0-61;
p<001) (fig 3), and also between the lactulose:man-
nitol ratio and the activity index (r,=0-59; p<0-01)
(fig 4). There was also a significant correlation
between the changes in activity index and in the
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Fig 4 Lactulose:mannitol urinary excretion ratio
compared with activity index.
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Fig 3 Five hour urinary excretion oflactulose expressed as

percentage ofingested dose compared with activity index.

lactulose:mannitol excretion ratio within the small
group of patients studied serially (r,=0-83; p<005)
(fig 5).

Discussion

Contrast radiology, endoscopy, and histology are
usually used to establish a definitive diagnosis of
Crohn's disease. There is a natural reluctance,
however, to subject patients to expensive, time
consuming, and unpleasant procedures in pursuit of
a comparatively rare disease, especially if the
presenting symptoms are vague. In addition, these
techniques sometimes fail to show the disease,
particularly if it is confined to the small bowel,
where radiological studies may be inconclusive and
biopsy difficult. A prolonged delay in diagnosis is
most likely to occur in patients with disease confined
to the small bowel in whom the more specific
symptoms of colitis are absent.t

Intestinal permeability indicates the capacity of
the intestinal absorptive surface to permit passive
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Fig 5 Change in lactulose:mannitol urinary ex
compared with the change in activity index scor
studied longitudinally.

penetration by water soluble molecules.
studied using orally administered probe
which are passively absorbed, are ri

enzymatic digestion, are not metabolise
subject to quantitative renal excretion.'
ment of the urinary excretion of such p
provides a measure of intestinal absc
previous studies of intestinal perm
Crohn's disease the following have been
edetic acid,911 polyethylene glycol (P]
and combinations of cellobiose and
lactulose and mannitol,3 14 or lactulo
rhamnose.15 Together these studies hav
considerable evidence that *the measu
permeability may be a useful screenii
Crohn's disease if the small bowel is;
The use of a single probe moleculi

intestinal permeability is complicated b:
ence of factors other than the proper
intestinal mucosa; gastrointestinal motilit
function, for example, may affect abs
excretion of the marker. By combining
molecules that are equally affected by st
the effects of these extraneous variabl
negated. 16 Mannitol, a polyhydric alcohl

lar weight 182, radius 0-4 nm), is passively absorbed
across the cell wall; lactulose, a synthetic disacchar-
ide (molecular weight 342, radius 0-54 nm), seems to
diffuse across the absorptive surface through inter-
cellular pathways.8 In diseases associated with
mucosal damage and loss of enterocyte surface area,
absorption of small probe molecules, such as
mannitol, may be reduced, and absorption of
disaccharides, such as lactulose, may be paradoxi-

------ cally enhanced as a consequence of increased
'leakiness' of the mucosal barrier. The expression of
results as the lactulose:mannitol excretion ratio has
proved a useful index of intestinal permeability that
is sensitive to mucosal injury in patients with coeliac
disease.'5 We have therefore preferred to use this
technique in the study of Crohn's disease.
Although this study was carried out on subjects

already known to have Crohn's disease, the results
do provide further evidence that the measurement
of intestinal permeability may be useful in the initial
investigation of children in whom there is some
suspicion of the disease. Only three of 17 children
with Crohn's disease had lactulose:mannitol ratios

100 125 within the normal range; these were all judged
clinically to have inactive disease at the time of the

cretion ratio study although the activity index did suggest mild
e in patients activity in two and moderate activity in one.

Interestingly, mannitol excretion was below the
normal range in only three of the children, and
lactulose excretion was above the normal range in
only 10. These results support the use of a differen-

It may be tial sugar absorption test, rather than a test based on
molecules the use of a single probe molecule in the study of

*esistant to patients with Crohn's disease. Using the lactulose:
Id, and are mannitol urinary excretion ratio as an index of
8 Measure- permeability, the sensitivity of the test in detecting
)robes then Crohn's disease associated with at least mild in-
Drption. In flammatory activity as judged by the activity index
eability in was 82%, and in the presence of moderate to severe
[used: 5tCr inflammatory activity this increased to 92%.
EG 400),12 The increased intestinal uptake of lactulose in
mannitol,13 patients with coeliac disease compared with normal
)se and 1- subjects is greatly enhanced when the test solution is
ie provided extremely hypertonic (1500 mmol/1).8 The test solu-
irement of tioi used in our studies was moderately hypertonic
ng test for (580 mmol/l), and this was used as it was considered
affected. to be a palatable drink that was likely to be accept-
e to assess able to young subjects. It is possible, however,
y the influ- that a more concentrated solution might (as in
ties of the coeliac disease) further enhance the sensitivity of
ty and renal the test.
sorption or Crohn's disease has a variable course, and there is
two probe considerable difficulty in the clinical assessment of
ach factors, the extent of disease activity. For this reason several
[es may be numerical indices of activity have been
ol (molecu- developed.2 1617 These have, however, not been
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completely satisfactory as they each have a subjec-
tive component and pronounced interobserver
variation may occur. 18 A number of techniques have
been introduced in recent years in an affort to
develop a means of objective and non-invasive
assessment of intestinal inflammation. Abdominal
radioisotope scanning after the intravenous adminis-
tration of 1"'In or 99mTc labelled autologous
phagocytes,1921 or the oral administration of 99mTc
labelled sucralfate,22 may show active Crohn's dis-
ease. Alternatively, faecal excretion of the isotope
may be measured after intravenous administration
of "'1In labelled phagocytes.23 While these techni-
ques may be of value in detecting active disease,
their role in the evaluation of the extent of disease is
less clear.
Gomes et al,15 using the lactulose:rhamnose

excretion ratio, reported that intestinal permeability
is abnormal in patients with active Crohn's disease
but returns to normal when they enter remission.
Our cross sectional study showed a correlation with
intestinal inflammatory activity between individual
patients; in addition in five patients studied longitu-
dinally there was also a correlation with inflamma-
tory activity within individuals. This technique may
therefore have a useful role in the assessment of the
extent of disease activity. To evaluate this further,
studies to examine the association between intesti-
nal permeability and the findings on endoscopic and
radiological investigation are needed.
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